The aim of the current study was to investigate both the interaction between different fertilizer sources (inorganic N and P and organic olive pomace compost) and different methods of application (surface applications and mixing within the soil) and their effects on nutrient status in soil and plant as well as on the physicochemical characteristics of the soil.
MATERIALS AND METHODS:
A field experiment was conducted for two successive years in an olive orchard at the El-Tor area in south Sinai, Egypt to investigate the effects of fertilizer source (inorganic or organic) and method of application (i.e., application to the surface or mixing within the top 15 cm of soil) on soil nutrient status and physicochemical characteristics. Soil characteristics from the experimental field are presented in Table 1 . 
Texture class Sand
With regard to the fertilizer source (F), two treatments were tested as follows: (i) inorganic fertilizer (F 1 ), in which each tree received 412 g of N in the form of ammonium sulfate with 20.6% N + 264 g P as calcium superphosphate with 6.6% P, and (ii) olive pomace compost (F 2 ), in which each tree received 25 kg of olive pomace compost containing 512 g N + 152 g P. These rates are typical of what the growers use in this area. Two methods of application (M) were tested as follows: (i) surface application of the fertilizer to the soil without plowing (M 1 ), and (ii) a mixing application, in which the fertilizer was added to the 15-cm soil surface layer and then plowed (M 2 ). The experimental design was a randomized complete block with three replicates.
The area of the experimental plot was 100 m 2 , which included 4 trees. Olive pomace residues were composted by mixing the pressed olive residues with wheat straw, chicken manure, and urea at ratios (by weight) of 90.6:3.6:5.3:0.5, respectively. The composting process lasted 80 days, and moisture and temperature levels were regularly monitored. December of each year for analysis. Soil samples were taken from the soil located below the rim of the tree crown, which is where the fertilization was carried out. Soil and plant analyses: Soil analyses included particle size distribution, bulk density, total porosity, aggregate size distribution by wet sieving, and hydraulic conductivity were determined according to Klute (1982) . Other soil analyses included soil pH, electrical conductivity (EC), available N, P and K, calcium carbonate and organic matter (all of which were carried out on sieved soil), and these analyses were done as described by Page et al. (1982) . Plant samples were analyzed for N, P, K, Ca, and Mg (Kalra, 1998) . Analysis of variance for the obtained data was performed according to the methods described by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION

Macronutrient contents in leaves and fruits:
N content: as shown in Table 3 , both of the inorganic fertilizer (F 1 ) and the compost (F 2 ) generally led to greater N contents in leaves (leaf-N) and fruits (fruit-N) than were found in the non-fertilized treatment. F 1 treatments showed an average increase of 26.8% in leaf-N in comparison with an average increase of only 1.1% in response to F 2 treatment. The increase in fruit-N was more pronounced, being 34.2% due to F 1 treatment compared with 9.5% due to F 2 . The mixing application method (M 2 ) was superior to the surface application method (M 1 ) in terms of both leaf-N and fruit-N. Average increases in leaf-N due to M 2 and M 1 were 21.5 and 6.4%, respectively; the corresponding increases in fruit-N were 31.0% and 12.6%, respectively. Superiority of M 2 over M 1 was particularly evident in leaf-N and fruit-N under inorganic fertilization and not the compost treatment. Applying compost by either the M 2 or the M 1 method yielded similar responses in terms of leaf-N; however, for fruit-N, the M 2 method was again superior to M 1 . Despite the higher total N in the soil from the compost compared with that from the inorganic fertilizer, this result was not reflected in the N content of olive fruits or leaves.
These data are an indication of the slow release of N from the compost (Aranda et al., 2011) . N loss from sandy soils fertilized with ammonium sulfate could be a result of ammonia volatilization (Mroczkowski and Stuczynski, 2006) , thus the mixing application method may have decreased possible N loss.
P content: Both inorganic fertilizer (F 1 ) and compost (F 2 ) treatments generally led to greater P content than the non-fertilized treatment in the leaves (leaf-P) and fruits (fruit-P). Regarding leaf-P, the difference between the two fertilizers (F 1 and F 2 ) or between the two methods of application (M 1 and M 2 ) were not significant. Both forms of fertilizer surpassed the nonfertilized treatments with respect to fruit-P content, with F 1 being superior to F 2 .
The F 1 treatment caused an average increase of 32.8% in fruit-P, while F 2 caused an average increase of 18.8%. The mixing application, M 2 , gave greater fruit-P as compared with the surface application M 1 , with average increases of 32.8% and 18.8%, respectively. Increases identical to those between M 1 and M 2 occurred between F 1 and F 2 . Soils containing CaCO 3 would cause P fixation (Shedeed et al., 2009) therefore mixing P fertilizer into the soil may increase fertilizer (nutrient) contact with olive roots, which would absorb more soil available P because the M 2 treatments were performed in a place where the CaCO 3 content of the soil was low. Thus, there was no difference between the F 1 and F 2 treatments at the soil surface (Table 3) .
K content: Both inorganic fertilizer (F 1 ) and compost (F 2 ) resulted in greater K contents than the non-fertilized treatment in olive leaves (leaf-K) and fruits (fruit-K). Both forms of fertilizer caused greater leaf-K, with F 1 being superior to F 2 . The F 1 treatment caused an average increase of 42.6% in leaf-K, and the F 2 gave an average increase of 12.0%. A comparison between the two fertilizers in relation to fruit-K shows no significant difference; also, there was no significant difference between the two application methods. M 1 gave lower leaf-K in comparison with M 2 .
The M 1 treatment caused an average increase of 16.7% in leaf-K, and M 2 led to an average increase of 38.0%. Using compost with the M 1 or M 2 methods was of similar response in relation to leaf-K. The inorganic fertilizer showed nearly the same effects on leaf-K as the compost when added by M 1 method, despite not containing K fertilizer. The positive effect of the inorganic fertilizer on increasing leaf-K despite not containing K could be attributed to the enhancement of plant growth by N and P fertilizers and the consequent increase in K uptake from the soil. This finding is confirmed when soils treated with the inorganic fertilizer showed less available K at their surface and their subsurface (Table 4 ).
Ca content: Both F 1 and F 2 resulted in greater Ca contents than the non-fertilized treatment in leaves (leaf-Ca) as well as fruits (fruit-Ca). In the leaf-Ca, there was no significant difference between the two fertilizers or between the two methods of application. The F 1 caused an average increase of 21.5% in the fruit-Ca, and the F 2 caused an average increase of 11.0%. The M 1 treatment caused an average increase of 13.0% in fruit-Ca, and M 2 led to an average increase of 19.5%. The resemblance of the Ca and P response patterns in plants reflects the fact that Ca constitutes approximately 20% of the P-inorganic fertilizer (Ca-superphosphate) used in the experiment.
Mg content: Both F 1 and F 2 were associated with greater Mg contents than the non-fertilized treatment. There was no significant difference between the two fertilizers or the two methods of application on olive leaves or fruits.
Soil EC and available N, P and K:
Data in Table 4 show no significant difference between the two fertilizers in relation to the soil EC for both the soil surface (0-20 cm) and the soil subsurface (20-40 cm); and a significant difference between the two methods of fertilizer application. In the soil surface, the M 2 treatment had a lower EC than the M 1 . The M 2 had no effect on EC while M 1 increased EC by 8.2% in comparison with the non-fertilized treatment. In the soil subsurface, M 2 was associated with a greater EC than the M 1 , since M 1 increased the EC by 1.7% while M 2 increased it by 5.2%.
Mixing the fertilizer into the soil (M 2 ) contributed to a greater EC in the subsurface of the soil. This effect of fertilizer was of a similar trend either in soil surface or subsurface with respect to available N and P, but not with respect to available K. In the soil surface and subsurface, the F 1 treatment led to greater available N and P than F 2 , since F 1 showed an average increase of 27.3 and 28.6% in available N and P, respectively; and F 2 showed respective average increases of 12.3 and 23.6%. In the soil subsurface, F 1 showed an average increase of 34.4 and 24.4% in available N and P, respectively, and F 2 showed average respective increases of 14.8 and 12.8%.
Regarding available K, F 2 was superior to F 1 in the soil surface and subsurface. In the soil The application method effect on available N, P, and K in soil showed the same trend within the soil surface and the subsurface. In the soil surface, M 1 was superior to M 2 in relation to available N, P and K. The M 1 treatment caused average increases of 33.1 and 37.9% in available N and P, respectively; while it had no effect on available K (there was no increase). The M 2 treatment caused average increases of 6.5 and 14.3% in available N and P, respectively, and it caused an average decrease in available K of 6.4%. In the soil subsurface, the M 2 treatment was superior to the M 1 in terms of available N, P and K, in which M 2 caused average increases of 36.4, 37.8 and 4.5% in available N, P and K, respectively. M 1 caused average increases of 13.2% in available N, while it caused an average decrease of 0.6 and 6.7% in available P and K, respectively.
These results indicate that the mixing method increased the N, P and K in the soil, which is reflected by higher N, P and K contents in the olive plant (Table 3) . Increases were also shown in soil EC.
Soil bulk density, total porosity and hydraulic conductivity:
As shown in Table 5 , there was a significant difference between the inorganic fertilizer (F 1 ) and compost (F 2 ) treatments. The F 2 treatment decreased soil bulk density (BD), increased total porosity (TP) and decreased hydraulic conductivity (HC), and it decreased BD and HC relative to the non-fertilized treatment by an average of 6.5 and 32.6%, respectively, while increased TP more than the non-fertilized treatment by an average of 13.5%. In general, the F 1 treatment showed no effect on the BD, TP, and HC. It had no effect on BD; it slightly increased TP by 1.2% and slightly decreased HD by 0.7%. There was a significant difference between the surface application method (M 1 ) and the mixing application method (M 2 ) on BD and TP, and no significant difference occurred in HC. The M 2 effect was more favorable than that of M 1 . The M 2 decreased BD by an average of 4.1% and increased TP by an average of 8.7% while the M 1 average respective effects involved a decrease of 2.4% in BD and an increase of 6.0% in TP. The greater favorable effect of M 2 over M 1 was particularly noticeable where compost fertilizer was used. In locations where inorganic fertilizer was used, the effects of M 1 and M 2 were similar in relation to BD, TP and HC. Adding compost had a positive effect on soil physical properties (BD, TP and HC), especially when mixed with the soil surface. 
Soil aggregation:
Figs. 1 and 2 show that compost increased soil aggregates of the very large (>2 mm), large (2-1 mm) and sub-medium (0.5-0.25 mm) size by an average of 715.8% (more than 7 folds), 115.2%
(nearly one fold) and 8.0% over the non-fertilized treatment, respectively, and decreased the medium (1-0.5 mm) aggregates by an average of 22.6%. On the other hand, the inorganic fertilizer increased the very large, large and sub-medium aggregates by averages of 25.7, 33.8 and 2.0%, respectively, and decreased the medium ones by an average of 6.0%. The surface application method (M 1 ) increased the very large, large and sub-medium aggregates by averages of 476.2% (nearly 5 folds), 65.0 and 6.4%, respectively, and decreased the medium ones by an average of 16.5%. The mixing application method (M 2 ) increased the very large, large and submedium aggregates by averages of 265.3% (nearly 3 folds), 84.1 and 3.6%, respectively, and decreased the medium ones by an average of 12.0%. The results indicate that compost caused more positive changes in soil aggregation than resulted from the use of the inorganic fertilizer.
The effect of inorganic fertilizer could be attributed mainly to its enhancement of root growth. 
